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本论文以东方肉座菌 EU7-22 为研究对象，利用 RT-PCR 技术克隆出 7 种
纤维素酶基因的 cDNA 序列，包括 β-葡萄糖苷酶 I 基因（bglI），外切葡聚糖酶
I 基因（cbhI），外切葡聚糖酶 II 基因（cbhII），内切葡聚糖酶 I 基因（egI），内
切葡聚糖酶 II 基因（egII），内切葡聚糖酶 III 基因（egIII）和内切葡聚糖酶 IV
基因（egIV）。分别与毕赤酵母分泌型表达载体 pPIC9K 连接，重组质粒经电转
化法导入毕赤酵母 GS115 中，构建了 7 株纤维素酶表达菌株。经过体积分数为 
0.5% 的甲醇诱导，毕赤酵母工程菌株 GS115-bglI 能够高效表达 β-葡萄糖苷酶，
酶活力为 25 IU/mL；菌株 GS115-egI、GS115-egII 和 GS115-egIII 能够高效表
达内切葡聚糖酶，活力分别为 0.36 IU/mL、0.57 IU/mL 和 0.36 IU/mL。虽然工
程菌株 GS115-cbhI、GS115-cbhII 和 GS115-egIV 分泌表达了重组酶，却未表现
出相应的纤维素酶活性，可能是由于纤维素酶基因自身结构限制或者蛋白质的过
度糖基化修饰所致。 
优化了高产 β-葡萄糖苷酶的工程菌株 GS115-bglI 的发酵产酶条件，在甲醇
体积分数为 2.5%，最适 BMGY 培养基 pH 值为 6.5～7.0，最适 BMMY 培养
基 pH 值为 6.0～7.0，发酵 168 h，重组酶的活性最高，可达 121 IU/mL。研究
了重组 β-葡萄糖苷酶的酶学性质，该酶催化的最适 pH 为 5.0，最适温度为 70°C，
在  pH 3.0～8.0 和温度  60°C 以下酶的稳定性较好。将来源于工程菌株 
GS115-bglI 的 β-葡萄糖苷酶添加到东方肉座菌的纤维素酶液中协同降解纤维素，
结果显示重组 β-葡萄糖苷酶的加入能够有效提高纤维素酶的水解效率，在纤维














48 h 时，酶解效果最佳，酶解得率达到 83.03%，比只添加纤维素酶（添加量 20 





























   Cellulosic biomass is one of the most abundant renewable resources on the earth, 
which is used to produce fuel ethanol and other bio-liquid fuel. It can alleviate the 
energy crisis and environmental pollution that become more and more serious. 
However, due to the special structure of cellulosic biomass, the production cost is too 
high when convert it into fermentable sugars in industry, which become a bottleneck 
in the fuel ethanol refining process. Enzymatic hydrolysis of cellulosic biomass has 
caught much attention because of its modest reaction conditions, fewer by-products 
and environmental friendly. One way to reduce the cost of cellulases production is to 
construt heterologous expression strains that can highly express cellulose. 
In this study, seven cDNA gene sequences of cellulases in Hypocrea orientalis 
EU7-22 were cloned through RT-PCR, including β-glucosidase I gene （bglI）, 
cellobiohydrolase I gene （cbhI）, cellobiohydrolase II gene （cbhII）, endoglucanase 
I gene （egI）, endoglucanase II gene （egII）, endoglucanase III gene （ egIII） and 
endoglucanase IV gene （egIV）. All of the genes were inserted into the Pichia 
expression vector pPIC9K respectively to construct the recombinant plasmids. The 
linearized plasmids were transformed into the host strain Pichia pastoris GS115 via 
electroporation and seven cellulase expression strains were established. With the 
induction of 0.5% （v/v） methanol , the β-glucosidase activity of recombinant Pichia 
pastoris strain GS115-bglI was 25 IU/mL. The endoglucanase activity of three 
recombinant strains, GS115-egI, GS115-egII and GS115-egIII, was 0.36 IU/mL、0.57 
IU/mL and 0.36 IU/mL respectively. However, the engineering strain GS115-cbhI, 
GS115-cbhII and GS115-egIV expressed recombinant enzymes, they did not show a 
corresponding cellulase activity due to the structure of genes or the heavily 
glycosylation of proteins.  
The expression level of β-glucosidase secreted by GS115-bglI was discussed in 
shake flask and the parameters were optimized. The optimum volume fraction of 
methanol was 2.5%, the optimum BMGY medium pH was 6.5 to 7.0, the optimum pH 
of BMMY medium was 6.0 to 7.0, the optimum fermentation time was 168 h. Under 














the research of recombinant β-glucosidase, The maximum activity was measured at 
70°C and pH 5.0. The enzyme exhibited good stability at pH 3.0～7.0 and under a 
temperature below 60°C. The pretreated bamboo was synergistic hydrolyzed by 
cellulase from Hypocrea orientalis EU7-22 and β-glucosidase from recombinant 
GS115-bglI. The hydrolysis yield （%） was calculated by reducing sugar which was 
determined by DNS method. Cellobiose, glucose and xylose produced during 
hydrolysis were analyzed by HPLC. For the certain cellulase dosage at 20 IU g
-1
 
substrate and β-glucosidase dosage at 6 IU g
-1
 substrate, the degree of hydrolysis was 
83.03% when hydrolyzed for 48 h. The hydrolysis yield had an increase of 13.8%. 
This study verified the effect of cellulases expression in Pichia pastoris. It 
established the foundation for heterogeneous expression of cellulases. At the same 
time, GS115-bglI has great potential on the utilization of lignocellulose degradation. 
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